INTRODUCTION
The US Air Force Test Pilot School (TPS) [1] is charged with the mission of producing highly adaptive, critical thinking, full-spectrum flight test professionals. To meet this challenge, the year-long flight test course equips approximately 40 Air Force, Navy, Marine, various foreign national officers and select civilians with the tools necessary to plan, execute and report on virtually all aspects of flight test. The TPS curriculum consists of academic and flight instruction in the fields of aircraft performance, flying qualities, systems and test management.
The test management curriculum culminates in a capstone, realworld flight test project [2] . In a given academic year, eight distinct such capstone test projects are conducted using resources drawn primarily from the Air Force Flight Test Center [3] , co-located with TPS at Edwards Air Force Base, in the Mojave Desert of California.
In contrast to the rather scripted flight test missions flown during other portions of the TPS curriculum, these test management projects (TMP) challenge students with realworld test of cutting-edge airborne technology. Of these eight annual TMPs, six are typically fed by students who gain their masters degree in either aeronautical or electrical engineering through a joint AFIT/TPS program. These six students attend the Air Force Institute of Technology (AFIT) [4] at Wright Patterson AFB, near Dayton, Ohio for a period of 15 months, and then transition to TPS for class start dates in either January or July. During the latter portion of their education at AFIT, these select students develop novel hardware and software projects to be introduced into the flight test environment approximately a year later, as they enter the final phase of their education at TPS. Upon graduation from TPS and successful defense of their flight test oriented thesis work, these students are granted a Master of Science in either aeronautical or electrical engineering. There exist easier paths to obtaining these degrees, however, it is our experience that these joint graduates provide a great deal of technical leadership to the flight test community as they progress through their careers in the Air Force as well as industry.
Unfortunately, the novel technology developed by these joint program students tends to be difficult to incorporate onto test aircraft. This is simply the nature of the beast. Modifications to fleet aircraft, even dedicated flight test airframes, is a laborious and expensive process -and for good reason. Unproven hardware and software carries with it the potential to disrupt delicate on-board flight-critical systems. Air Force regulations have been carefully crafted to ameliorate the deleterious effects of incompatible flight test hardware. Compliance with these regulations is a costly, time-consuming practice; required modifications often take weeks if not months and many tens of thousands of dollars. Aside from the financial burden of such tests, the assigned test aircraft is unavailable for other missions during the modification process period. This paper is organized as follows. A brief background of past flight test management projects conduced at the USAF TPS is offered.
The reconfigurable pod concept is introduced in the context of the academic and research environment that surrounds the joint AFIT/TPS program. The design of the reconfigurable pod is addressed, with special attention to the requirements of aeronautical and structural analysis. The planned flight test is outlined and discussed, followed by a brief description of the planned operational concept. Finally, an example payload is discussed, along with the research and academic benefits of such an initial flight test arrangement.
BACKGROUND
The quest for a reconfigurable flight test platform was launched in the early months of 2006 [5] , when the number of Joint AFIT/TPS masters degree students increased by 100 percent from three to six joint students per year. Although several joint projects would continue to require significant modifications of flight-test aircraft, a large number of these projects would have the capability of flying within a modular structure that could be mounted externally on any suitable fleet-support aircraft. Such a concept would obviate the need to specially modify a particular aircraft and thus avoid the associated schedule and budget risks. To illustrate the utility of such a "podular" path to recurring flight test, several past flight test management projects are reviewed.
The fall 2007 joint AFIT/TPS project GOOD LOOKIN' [6] explored the ability to enhance navigation accuracy of a low-cost, high-drift rate micro electro-mechanical system (MEMS) inertial measurement unit (IMU) by observation of random features of interest observed on the ground. Although navigational enhancement is routinely performed by fusing positional and rate information gathered from global positioning system (GPS) receivers, the DoD and other agencies are interested in the capacity to maintain precision navigation during periods of GPS non-availability. Furthermore, navigation in dense urban environments and within caves presents a challenging problem for future autonomous flight operations. Figure 1 shows the implementation of project GOOD LOOKIN' on an AFFTC fleet support C-12C (Beechcraft King Air variant) aircraft. A specially modified optical port located under the co-pilot seat was fabricated to house the cameras and other optical support equipment.
The relatively large interior of the C-12 aircraft provided space to house the processing and display equipment required for collection and real-time analysis of the optical data collected in flight. Although the project was regarded as quite successful, several limitations were imposed by the C-12 carriage platform. Most notably, the restricted operating airspeed and dive angle limitations of the C-12 prevented collection of ballistic (free-fall) weapon profiles, typical of munitions released from delivery aircraft en-route to a tactical target. In addition, the modified optical port disabled the ability to pressurize the cockpit and aircraft interior, requiring relatively low-altitude operation. Finally, the necessary location of the optical port beneath the copilot seat severely restricted the size and configuration of the optical equipment used to conduct these experiments. Despite these technical restrictions, perhaps the most significant issue encountered during this project was the cost and time required to execute the modification to the C-12. The total dollar cost for this project was approximately $60,000, and required the C-12 be taken off the flight-line for two full weeks. Given the total fleet size of C-12s at the AFFTC is only four aircraft, a 25% reduction in fleet size for such a period of time is usually problematic. Note that these aircraft are shared by the TPS with other test squadrons on base, where they are shared between curriculum, test management projects, test, and test support sorties. Project PEEPING TALON, conducted in 2003, served similar test and research objectives as GOOD LOOKIN', but provided a plethora of research data used in several research efforts in the field of image-aided inertial navigation [7] , [8] . The test platform was a T-38 Talon aircraft, designed as a high-performance, supersonic jet trainer and used extensively for curriculum execution at the TPS. A gated-intensified CCD imaging camera was mounted to image through the side of the rear cockpit. Images were collected and time-tagged using a GPS timing reference to within 1 millisecond accuracy. Real-time video feedback of the collected imagery was displayed to the pilots by way of a liquid-crystal display (LCD) imaging device mounted in the cockpit. The imagery was ported to a video recorder for off-board analysis. The sideward camera mount allowed for ground target or stellar imaging as a function of aircraft bank angle. Figure 2 graphically depicts the locations of the major test item components.
Although the equipment used in PEEPING TALON was not unusual in terms of scientific complexity, the modification of the T-38 required significant engineering drawings and machining. In particular, the wiring and interconnect of the camera, GPS and recorder was formidable. The total time and expense for this particular modification was $90,000 and three weeks of aircraft non-availability. Although scores of test management projects have been conducted over the past seventeen years of flight research via the joint AFIT/TPS process, a final example will serve to drive home the utility of a reconfigurable flight-test pod.
In response to the war-fighting training command, AFIT and the USAF TPS were asked to develop and test a system to expose fighter type aircraft to a realistic GPS jamming environment in order to enable development of effective counter-tactics [9] . Unfortunately, even limited area GPS jamming is extremely restricted due to the widespread proliferation of civilian GPS devices. To that end, a prototype system was developed to inject very low level RF noise directly into the aircraft GPS. Figure 3 shows the installation of the noise injection processor on an AFFTC fleet support T-38C. Due to the integrated nature of the RF noise injection procedure, a fairly complex control system was developed to enable, disable, modulate and sequence the noise source. The modification of the aircraft as required to route the necessary control cables was found to be cost prohibitive given the limited scope of the project. Such a modification was estimated to cost $50,000, and require two weeks of aircraft down-time. Although the test team was able to execute the test for about half this cost by miniaturizing the components and installing them into a small void in the spine of the T-38C aircraft, the test was limited by the size of the processor and the limited wireless control mechanisms that were available. Hosting such a system on the RASCAL pod would have dramatically increased the system capability, and added a significant level of operational confidence during flight test execution.
The above examples demonstrate the need for a reduction in modification costs, both in terms of dollars and time spent in modification. Ever tightening budgets and workflow timelines require that innovative solutions are explored to reduce the number of modified fleet support aircraft while maintaining a high degree of agility and flexibility when introducing novel technology to the flight test environment.
POD DESIGN

General Concept
The reconfigurable airborne sensor, communication and laser pod (RASCAL) is based on the widely deployed SUU-20/A training bomb and rocket dispenser. The SUU-20/A was chosen as a base for modification due to its wide variety of certified carriage aircraft. In addition to all variants of the F-16, the SUU-20/A is widely carried on AT-38B training aircraft, as well as all variants of the F-15 Eagle. The importance of multi-aircraft carriage of the modified RASCAL cannot be overstated; any process that adds resource flexibility dramatically reduces test program risk. This is especially critical given the test program time constraints imposed by a busy TPS curriculum.
While the basic configuration of the SUU-20/A provided an adequate modification platform, its stock configuration lacked some basic features required of a reconfigurable avionics pod testbed. For example, the undercarriage lacked protection from the outside environment, requiring the addition of hinged doors. In addition, the inner width of the SUU-20/A was quite narrow, and needed to be widened considerably to allow up to 12 lateral inches of equipment to be installed. 
Pod Structure Modification
To provide structure to the pod and allow construction and mounting of three separate doors, milled aluminum truss structures were fabricated to span the width of the pod at various locations, yet provide space beneath to run cables and optical equipment. These were designed to provide additional stiffness to the structure to account for the material that was removed during the widening of the inner portion of the pod. In order to mount various unspecified test equipment components, a rigid, half-inch aluminum plate was fabricated to provide the mounting surface in each of the three equipment bays. This plate consists of a series of 2-inch on-center ¼"-20 mounting holes to provide easy beddown of equipment, and will provide a rugged, relatively non-flexing backbone for optical and electronic experiments. See Figure 6 for reference.
Optical Sensor Access
To provide ample opportunity to visually sample the surrounding environment, several optical ports were designed and integrated into the RASCAL. The prominent "bubbles" located on the upper and lower portions of the nose of the pod are six inch diameter clear polycarbonate domes positioned to allow surveying of forward portions of the environment. Figure 7 Shows these windows clearly. Small mirror systems or articulated cameras may be mounted on gimbals within these domes to provide a fairly large field-of-regard. Additionally, a large 10 by 14 inch, ¼-inch thick polycarbonate window is integrated into the forward equipment bay door. Figure 8 illustrates this large window. This large window provides an excellent, unobstructed view of the areas below the aircraft up to angles more than approximately 20 degrees below the aircraft waterline. A future expansion capability is provided by the four hollow rocket tubes that were designed into the baseline SUU-20/A. Rather than fairing over these orifices, the holes were plugged and sealed. Simple removal and replacement of these plugs will allow for future installation of up to eight forward and aft facing cameras or laser emitters. Although the rocket tube orifices provide a relatively narrow field-ofregard, they provide an important opportunity to implement direct forward-facing cameras and illuminators. 
Power Subsystem
A constant source of concern involved in flight test equipment installation is the availability of a clean, uninterrupted power source. Many flight test programs have been set back by the late acknowledgement that poor assumptions were made regarding the use of aircraft mains power. To this end, the RASCAL was designed to be relatively self-contained with regards to its power supply system. The center equipment bay is dedicated to a 24 Volt DC power storage and charging system. Four 18 Amp-hour 12 Volt sealed lead-acid batteries provide 36 Amp-hours of 24 Volt power to test equipment. If necessary, the DC power may be inverted for AC powered equipment; however, this inversion process must be included separately with the test equipment. Typical operation will include pre-flight test equipment checkout without aircraft power, both in the laboratory, as well as on the flightline. During periods of availability of aircraft power, the batteries may be continuously charged using 115 Volt AC or 28 Volt DC aircraft power. The capacitive effect of the batteries and associated charger will dramatically reduce the ill effects of power surges and brownouts/blackouts experienced during aircraft engine start and generator cycling. Figure 9 illustrates the implementation of the battery and charging system.
Rapid-Access Maintenance and Preflight
The hinged door system allows rapid access to the forward and aft equipment bays by use of captive fasteners that reduce the possibility of foreign object damage to aircraft engines. Although the central door covering the battery is removable, it is not hinged as it covers a structural mounting point and flight-line access requirements are anticipated to be low. 
RF Antennas
The anticipated uses of a reconfigurable test pod include recurring radio-frequency (RF) transmission and reception experiments. It is expected that the vast majority of experiments will require GPS constellation reception. A single GPS antenna is mounted on the upper forward deck of the pod. This location provides fairly good up-look capability while mounted on the F-16 carriage platform.
However, belly-mounting of the pod on an AT-38B will severely limit this up-look capability. In this case, GPS transmissions will be routed from the aircraft GPS antenna through pre-existing cables via the pylon of all AFFTC AT-38B aircraft. GPS signals are split into four amplified branches for use by timecode, navigation and other equipment requiring GPS signals.
Additionally, L-band, S-band and 900 MHz antennas are mounted on the lower aft deck of the RASCAL. These antennas may be used for real-time parameter telemetry to a ground-control station. The S-band antenna possesses sufficient VSWR bandwidth to allow transmission of Wi-Fi data on the 2.4 GHz Industrial, Scientific and Measurement (ISM) band. An additional S-band antenna is located on the top of the RASCAL upper deck to facilitate interpod communication using S-band equipment such as 2.3 GHz Wi-Fi. The 900 MHz ISM band is widely used by shorthaul spread-spectrum datalink equipment, and has found wide use in several test management projects over the last few years. Figure 10 shows the upper antenna cluster, while Figure 11 shows the antenna cluster on the lower aft deck of the RASCAL. 
Processor and Data Support Equipment
Given the ubiquitous nature of the RASCAL, a modular design was desired for the data processing equipment. The PCI Extension for Instrumentation (PXI) [10] 
System Control
Control of the installed experimental equipment is a primary concern, both by flight worthiness officials, as well as system integrators. It is relatively straightforward to design discrete control signal lines to apply power to individual systems, transport status data, and indicate various functions of the installed experimental equipment. It is quite another matter to route cables to a convenient location within the cockpit for easy access by pilots and test engineers. Fortunately, all production F-16 and AT-38B aircraft have provisions installed to allow electronic control of electronic countermeasure (ECM) pods. Using the pre-existing wiring, remote control of pod equipment power and operating modes is possible without modification of the carriage aircraft.
Additionally, the F-16C/D model aircraft provide for video and MIL-STD-1553 serial data bus connections through standard pylon wiring. Although these connections are intended to convey data and parameters between the aircraft and munitions located on F-16 stations 3 and 7, the wiring makes it convenient to route video and data between the aircraft and RASCAL. For example, standard RS-170 (NTSC) video can be generated by camera and video processing equipment aboard the RASCAL and conveyed to one of the two high-resolution video displays in the front and rear cockpits. Such real-time feedback will be invaluable for training cameras and other sensors at targets of interest during flight. Additionally, MIL-STD-1553 bus access opens up a wide variety of possibilities, including programmatic control of various avionics functions of the host aircraft, as well as RASCAL-based recording of 1553 bus parameters.
Finally, there exists the capability to connect to the pod wirelessly using a wide variety of short-haul Wi-Fi equipment via the S-band antenna provisions of the RASCAL [5] . A compact Wi-Fi enabled computing device carried by a flight test engineer would allow very flexible control and display capability, harnessing the full capacity of processing equipment that might be installed in the RASCAL card cage. This capability transcends limitations imposed by the limited wiring available at the cockpit ECM control panel, although the hardwired control panel is convenient for discrete switching functions that don't require the complexity of a wireless interface. 
STRUCTURAL AND AERODYNAMIC ANALYSIS
Overview
The overall goal of the RASCAL modification program is to produce a flight-certified pod capable of housing a wide variety of flight test equipment, to support yet unspecitied TPS test management projects. A supporting goal is to satisfy the regulatory requirements necessary to gain flight clearance of the RASCAL on all AFFTC fleet support aircraft. At this stage, the primary focus is RASCAL carriage on all models of the F-16. Subsequent clearance will be investigated on the AT-38B and F-15.
While it is difficult to forecast the exact configurations of future test projects and the associated equipment integrated onto the RASCAL pod, much effort has been spent to make transitions between programs relatively straightforward. For example, the RASCAL team is seeking flight clearance for a baseline configuration that includes the battery/charger equipment, the associated RF and cabling, and worst-case ballast in the forward and aft compartments. The team settled on a maximum requirement of 100 pounds in each the forward and aft equipment bays. It is expected that the vast majority of test projects will require much less than 200 pounds of test equipment. 
Structural Model
A detailed CAD model of the RASCAL was developed using Autocad [13] to facilitate accurate fabrication of all parts, and to conduct a comprehensive finite-element analysis (FEA) of the RASCAL under a series of simulated load conditions. In general, two loading functions are of major concern to flight worthiness officials: loads due to inertia, and loads due to aerodynamic pressures. Inertial loads occur due to the accelerations experienced at dynamic flight conditions such as turns and rolls. Aerodynamic loads change dramatically as a function of airspeed, altitude, and aircraft angle of attack (AOA) and sideslip. The structural modeling software must take into account both factors to accurately predict structural stress failure points. Major stress areas occur at the pylon mounting points where the RASCAL is attached to the aircraft. Figure 15 illustrates an isometric snapshot of the FEA grid used to conduct this analysis. The NASTRAN software package is currently being used to analyze the structural load conditions of the RASCAL. 
Aerodynamic Modeling
As noted above, the structural model requires accurate aerodynamic loading vectors as input to calculate a comprehensive stress and strain analysis. Several methods exist to accurately predict such data, including analytical, subscale wind-tunnel measurement, and computational methods. The computational fluid dynamic (CFD) method was chosen for this effort because it provides a good balance between accuracy and cost. While wind-tunnel testing provides excellent correlation between actual flight conditions, the cost and schedule expense of such a venture would have been prohibitive. A grid model of the RASCAL was derived from the exterior structural Autocad grid model used for FEA analysis. After error checking the CFD grid using the Gridtool software package developed by NASA Langley Research Center [14] , these data are sent to computing clusters of the DoD High Power Computer Center using the Cobalt CFD software package [15] . The Cobalt software allows full Navier/Stokes flow solution which has been found to accurately model dynamic pressures and flow gradients throughout the transonic region and into the supersonic airspeed region. Several data runs are planned at various loading conditions typical of high subsonic, transonic and supersonic speeds. The results of the CFD calculations will be entered as vector fields into the structural FEA model to ascertain the expected stress and strain limits of the pod as a function of airspeed, altitude and relative wind. 
FLIGHT TEST PLAN
Flight Test Objectives
Several objectives must be met by the initial flight test program of the RASCAL. The primary objective is to establish flight worthiness of the pod when carried aboard an F-16 aircraft. A secondary flight test objective is to measure the environmental conditions experienced at nominal flight conditions. A final test objective is to validate the structural and aerodynamic models developed to predict safe flight conditions for the pod.
Flight Certification Process
Initial flight testing will consist of approximately three to four hour-long sorties using an AFFTC fleet support F-16 aircraft. Air Force Seek Eagle Office (AFSEO) at Eglin Air Force Base, Florida, is charged with the mission of managing flight certification testing on all stores and munitions attached to Air Force aircraft. Once AFSEO is satisfied that sufficient structural and aerodynamic analysis has been conducted, a matrix of flight test points will be specified that demonstrates that the store is capable of sustained flight under various expected flight conditions. After successful completion of this series of test points, AFSEO will recommend that flight clearance be granted by the program office responsible for the carriage airframe.
Test Mission Profile
Example test points include accelerated turns to impart downward stress and strain on the store and pylon attachment hardware, loaded and unloaded rolls at various roll rates to check for lateral stress and strain due to inertial and sideward aerodynamic loads, and high-speed, low altitude runs for extended periods that validate structural integrity under conditions of elevated air loads and increased skin temperatures. Some concern has been raised over the potential for deformation of the hemispherical polycarbonate optical domes and lower optical port due to high air loads under conditions of elevated temperatures that may be encountered at high transonic and supersonic flight. Optically clear polycarbonate is an extremely resilient thermoplastic that has excellent impact resistance over temperatures ranging from -40 o F to 280 o F, and has a specified melt point of 310 o F. In order to ascertain the temperature gradations actually experienced in flight, thermocouple transducers will be attached to the inner surface of the upper forward portion of the hemispherical dome, as this is considered a worst-case temperature point due to relatively normal air loads. It was noted during discussions with AFSEO officials that polycarbonate windows have been effectively employed as optical ports on flight test pods at up to Mach 1.5 or greater with no adverse effects such as melting or hazing.
Test Instrumentation
The RASCAL will be fitted with a variety of flight test instrumentation in order to assist the test team safely explore the operational envelope.
In addition to thermocouples placed on the forward optical port, the ambient temperature of the pod interior will be measured throughout the flight test. These data will be extremely useful when determining cooling requirements for heatdissipating electronic payloads such as data processing equipment and related sensors.
In order to safely proceed to high loading and airspeed conditions, select points on the RASCAL surface will be fitted with mechanical strain gauge transducers. The exact location of these transducers is determined by examination of the predicted high-stress points calculated by the structural finite element analysis code. Additionally, tripleaxis accelerometers and acoustic transducers will measure high-bandwidth accelerations and sound pressure levels at several locations within the pod. Analysis of these data will allow future system integrators to manage payload specifications that match the expected operating environment.
Finally, some concern has been raised over the stability of the pod for use in optical measurement research. A visible wavelength camera will be mounted at a forward/downward look angle to capture imagery of opportunity. The resulting recorded video will be analyzed in order to quantify the effects of vibration at various airspeed, Mach and altitude conditions. These data will be correlated with acoustic and accelerometer data to evaluate the required isolation and damping that might be required of optical equipment installed on future experimental test missions.
Real-Time Telemetry of Data
Given the importance of the measured data to ensuring safe exploration of the pod flight envelope, many of the measured parameters will be telemetered to one of two ground station control rooms at the TPS. Figure 17 depicts a typical control room mission in progress at TPS. Standard L-band frequency allocations will be used to send temperature, strain gauge, acceleration and acoustic/vibration data from the RASCAL telemetry transmitter to operator displays in the control room. Simultaneous telemetry data from the aircraft-installed data acquisition system will present airspeed, altitude, mach, and aircraft loading data to the same control room via an independent L-band channel. The real-time correlation of flight condition with pod characteristics will allow a disciplined and safe transition to test points that carry enhanced risk due to loading and airspeed. 
CONCEPT OF OPERATIONS
The RASCAL described in the previous sections is the prototype of a series of four such devices to be built immediately following successful flight test certification. After an initial series of acceptance tests, three additional RASCAL pods will be concurrently built by the instrumentation division of the 412 th Test Wing at Edwards Air Force Base.
Since a large fraction of future development and integration work will take place at AFIT or AFRL, a cycle will be developed whereby two pods are readied for flight test at Edwards, while the remaining two pods undergo development at remote locations such as AFIT or one of the National Laboratories. This concept will allow longer lead development and reduce the amount of travel required to integrate complex equipment onto a particular pod within prohibitive time constraints. It is anticipated that the remaining pods will be built by the end of the 2008 fiscal year.
Once an experiment has been conceptualized, the idea will take form via preliminary and critical design review teams. After acceptance, the experimental hardware will be loaded and inspected. The overall system will undergo weight and balance testing to ensure that load limits have not been exceeded, and a procedure for conducting electromagnetic compatibility and interference mitigation (EMC/EMI) checks will be finalized. A detailed procedure developed by officials at the USAF TPS will be followed to ensure that final checks and quality assurance by AFFTC officials is fully complied with. In general, external modifications will require elevated oversight by AFFTC and 412 th Test Wing officials.
LASER RADAR EXAMPLE PAYLOAD
3-D Laser Radar Experimental Research
Following the initial certification flight test planned for late Fall 2007, work will begin on integration of a novel Flash Laser Radar (LADAR) onto RASCAL in order to conduct risk-reduction data collection and flight test for a series of future AFIT/TPS test management projects.
AFIT faculty and students, together with scientists and engineers at the Air Force Research Laboratory Sensors Division (AFRL/SN) have great interest in furthering the state-of-the art of current laser sensors [16] , [17] , [18] . AFIT, TPS and AFRL have partnered to launch a series of LADAR data collection missions to generate a large database of experimental data to validate analytical and simulated models, as well as spawn new research in 3-dimensional LADAR imagery. The imagery collected will enable quantification of fundamental 3-D laser radar performance limitations, development of novel image processing and calibration algorithms, and exploration of operational limitations and concerns surrounding implementation of such a device in an operationally representative dynamic flight environment.
3-D Flash LADAR [19] is an exciting new development. Although scanning 3-D laser radar systems have been implemented for quite some time, Flash LADAR develops an entire image array in a single instant across a fairly large imaging array. Current state-of-the-art limits array sizes to 128x128 elements, large enough for very detailed imagery given suitable optical fields-of-view. Frame rates are quite fast, typically up to 30 frames-per-second given adequate cooling capability of the gated laser illuminator. Figure 18 shows a commercial Flash LADAR system developed by Advanced Scientific Concepts (ASC) of Santa Barbara California [20] . The compact size of the ASC Flash LADAR allows for straightforward integration into the prototype RASCAL pod through downward angled optical paths. Analysis shows that look angles depressed 20 or more degrees below the aircraft waterline are achievable without great difficulty. Rearward camera mounting allows forward viewing through a primary surface mirror. Such a simple, fixed optical system would provide limited tracking ability of ground or airborne targets, but would greatly simplify system mechanization. Gimbal of the mirror in at least one axis would allow more flexible imaging at the expense of increased system complexity. Figure 19 shows a CAD rendition of the proposed RASCAL LADAR installation. 
CONCLUSION
This paper provided an overview of the concept, design, analysis, planned flight test, and future employment of a reconfigurable flight test research pod. The pod has been carefully engineered to allow introduction of novel flight hardware without costly and time-consuming modification to flight test aircraft. Detailed structural and aerodynamic models constructed for the RASCAL will allow future modifications to be conducted with minimal manpower. The RASCAL will allow future scientists, engineers and flight test students to rapidly transition cutting-edge technology to the physically demanding flight environment with minimal cost and schedule burden on all agencies involved.
Although much has been accomplished on the RASCAL project, several milestones need to be reached in order to fully realize the utility of the system. The actual flight test of the RASCAL prototype needs to be executed and data collected to understand any limitations or unknown capabilities inherent in the pod design. Three additional RASCAL pods need to be constructed and flight tested. A streamlined operational employment process is under development to allow rapid replacement of internal hardware and test equipment. Finally, AFIT and TPS teams need to put forth exciting and rewarding projects for integration onto the RASCAL fleet.
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